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Background. Since the mapping of the human genome in 
2003, the development of hiomarker targeted therapy and 
clinical adoption of "personaUzed medicine" has accelerated. 
Models for insurance subsidy of biomarker/test/drug pack- 
ages ("codependent technologies" or technologies that work 
better together) are not well developed. Our aim was to create 
a framework to assess the safety, effectiveness, and cost-effec- 
tiveness of these technologies for a national coverage or reim- 
bursement decision. Methods. We extracted information from 
assessments of recent Australian reimbursement applications 
that concerned genetic tests and treatments to identify items 
and evidence gaps considered important to the decision-mak- 
ing process. Relevant international regulatory and reimburse- 
ment guidance documents were also reviewed. Items 
addressing causality theory were included to help explain 
the relationship between biomarker and treatment. The 
framework was reviewed by policy makers and technical 



experts, prior to a public consultation process. Results. The 
framework consists of 5 components — context, clinical bene- 
fit, evidence translation, cost-effectiveness, and financial im- 
pact — and a checklist of 79 items. To determine whether 
the biomarker test, the drug, both, or neither should be subsi- 
dized, we considered it crucial to identify whether the bio- 
marker is a treatment effect modifier or a prognostic factor. 
To aid in this determination, the framework explicitly allows 
the linkage of different types of evidence to examine whether 
targeting the biomarker varies the likely clinical benefit of the 
drug, and if so, to what extent. Conclusions. The first national 
framework to assess personalized medicine for coverage or 
reimbursement decisions has been developed and introduced 
and may be a suitable model for other health systems. Key 
words: personalized medicine; drug approval process; genetic 
testing; reimbursement mechanisms. (Med Decis Making 
2013;33:333-342) 



Until recently, health professionals have had lim- 
ited information about the likely response of 
a patient to therapy. Treatment strategies were generally 
based on aggregated information and subsequently 
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modified according to individual response. With 
increased imderstanding of genetics, it is now possible 
to personalize medicine so that the risk profile of 
a patient can be determined prospectively to guide 
treatment so that it is more effective from initiation 
and is used only in those who will respond and/or with 
fewer side effects. 

Several drugs, particularly for cancer, have been 
developed and marketed with a "companion diagnos- 
tic, " a test to determine whether a patient has a biomarker 
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that will predict response to a drug.^'^ Examples include 
trastuzumab and HER2 testing for breast cancer, cetuxi- 
mab and K-RAS mutation testing for metastatic colorec- 
tal cancer, and gefitinib and EGFR testing for lung 
cancer 7~^° Such treatment is potentially more clinically 
and cost-effective as it targets only patients likely to 
respond.^^"^^ 

The US Federal Drug Administration has made pre- 
liminary efforts to provide guidance on prospective, 
scientifically robust codevelopment of a drug and 
companion diagnostic,^ and there is growing interna- 
tional discussion investigating ways of dealing with 
these codependent technologies from an assessment 
and reimbursement perspective/''"^^ However, there 
is also growing frustration from industry and health 
professionals that personalized medicine is not living 
up to its promise, partly because the current models 
of assessment internationally are inadequate to inform 
coverage or reimbursement decisions regarding these 
distinctive technologies/^ 

Both the treatment and companion diagnostic in 
a personalized medicine need to be assessed for perfor- 
mance in order to make a coverage or reimbursement 
decision. This is not a straightforward process. ^^'^^ To 
determine what factors influence these decisions, 
Meckley and Neumann^** selected 6 personalized med- 
icine case studies and extracted data on the quality of 
evidence supporting each case study, type of regulatory 
oversight each received, whether clinical guidelines 
supported the technology, and whether the technology 
had been found to be cost-effective. They noted there 
was poor evidentiary support — in the form of random- 
ized controlled trials assessing the direct impact of test- 
ing on health outcomes — for most of these technologies 
and that the key factor influencing a positive reimburse- 
ment decision appeared to be the strength of the evi- 
dence base. 

The recent Review of Health Technology Assess- 
ment in Australia similarly recognized that codepen- 
dent technologies (or technologies that work better 
together), such as personalized medicines, are prob- 
lematic to assess for reimbursement decisions. ^° As 
a consequence, research was undertaken to develop 
an assessment framework to assist policy makers to 
make evidence-based decisions about subsidized 
access to these emerging technologies. 

Three objectives were formulated to ensure that 
the assessment framework was feasible: 

1. to identify the different decision-making scenarios 
that would apply specifically to a personalized medi- 
cine (i.e., targeting drug therapy on the basis of 
a biomarker), 



2. to identify the criteria needed to inform an assess- 
ment of these technologies, and 

3. to formulate an approach that recognizes the scarcity 
of direct evidence, that is, randomized trials assess- 
ing the impact on health outcomes of testing versus 
no testing for the biomarker to guide treatment with 
the new drug. 

METHODS 
First Stage 

Five codependent technologies that had previously 
been assessed for coverage or reimbursement deci- 
sions were reviewed (Table 1): 

1. EGFR/gefitinib for non-small-cell lung cancer, 

2. K-RAS /cetuximab for metastatic colorectal cancer, 

3. K-RAS /panitumumab for metastatic colorectal 
cancer, 

4. PDGFR rearrangements/imatinib for primary or sec- 
ondary clonal eosinophilia (systemic mast cell dis- 
ease, hypereosinophilic syndrome, and chronic 
eosinophilic leukemia), and 

5. KIT D816V/imatinib for aggressive systemic mast cell 
disease without eosinophilia.^^ 

These case studies were selected as they were the 
most recent codependent technologies to be assessed 
for a reimbursement decision by our national com- 
mittees (either for the test or drug). In all cases, the 
drug was considered for reimbursement prior to con- 
sideration of the biomarker test. Three of the 5 source 
documents were available only as commercial-in- 
confidence. 

The information provided in each independent 
assessment report on these 5 technology applications 
was categorized and tabulated. Sixty-seven informa- 
tion items were identified as being present in at least 
1 of the 5 applications. A gap analysis was conducted 
for each personalized medicine across the 67 items to 
determine what key information was considered 
absent on the basis of 1) matters raised within the 
assessment report (mentioned in the independent 
assessment report (commentary) of an applicant's 
submission undertaken on behalf of the Pharmaceuti- 
cal Benefits Advisory Committee [PBAC] or dis- 
cussed in the independent assessment report 
undertaken on behalf of the Medical Services Advi- 
sory Committee [MS AC]) and 2) matters raised during 
the appraisal and decision-making process (relevant 
MSAC or PBAC meeting minutes or formal advice 
from the Economics Subcommittee of PBAC. Each 
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Table 1 Case Studies of Pharmacogenetic Codependent Technologies 
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Note: PBAC = Pharmaceutical Benefits Advisory Committee; MSAC = Medical Services Advisory Committee. 

a. Sixty-seven information items [denominator) were collated from submissions at the completion of stage 1. Evidence gaps (numerator) were defined as 
a complete absence of information in the submission: however, please note that frequently, the information items were only partially/inadequately 
addressed and in some instances items were not applicable. 

b. Decision at the time the framework was being developed. 

c. Systemic mast cell disease, hypereosinophilic syndrome, and chronic eosinophilic leukemia. 

d. PDGFR rearrangements and the KIT D816V mutation are mutually exclusive so, as the PDGFR test was funded, there was no need to fund the KIT D816V 
test. 



of the 5 personalized medicines was independently 
rated by 3 experienced evaluators of reimbursement 
applications, in terms of whether the 67 information 
items were provided in the application (yes, no, par- 
tially) and whether or not the information was 
needed (yes, no, not applicable). A free-text column 
was used to comment on whether difficulties were 
likely to arise when reviewing an item. 

It was noted that reimbursement was more likely 
when there were fewer evidence gaps present in the 
application and when the evidence was of better 
quality (Table 1). This latter finding is consistent 
with Meckley and Neumann. However, given that 
in both Meckley and Neumann's case studies and in 
our case studies there was a lack of direct randomized 
controlled trial evidence of the biomarker test impact 
on patient health outcomes, it was thought that 
a framework that allowed the linkage of different 



types of evidence to support a claim for reimburse- 
ment might provide policy makers with fewer evi- 
dence gaps and thus reduce decision-making 
uncertainty. 

Second Stage 

To ensure that the linkage of evidence was done 
rigorously, the relationship between biomarker status 
(as identified by a test) and drug treatment outcomes 
needed to be adequately explained. The collated list 
of items was cross-checked against Bradford Hill cau- 
sality theory^^ to ensure that there were multiple 
opportunities to explain the association between bio- 
marker and drug treatment outcomes, even in the 
absence of generally accepted experimental evi- 
dence. The Bradford Hill criteria, namely, strength, 
specificity, and temporality of the association 
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between the biomarker and drug treatment on health 
outcomes; consistency and coherence of effect; bio- 
logical plausability and gradient (e.g. , dose response) ; 
and producing the effect upon experimentation or by 
analogy were addressed, and 5 additional items were 
included in the checklist. The list of items was then 
structured in a format consistent with that used for 
assessing pharmaceuticals for reimbursement deci- 
sions in Australia. 

Currently available international guidance docu- 
ments for the appraisal of technologies or appraisal 
of applications for test/ drug reimbursement were 
reviewed to determine whether any further items 
would be relevant to the framework's development. 
To identify this literature, Embase and Medline 
were canvassed, along with Internet searches of regu- 
latory and reimbursement agency Web sites and the 
health technology assessment database (http:// 
www.crd.york.ac.uk). No new items were identified 
in the international literature, although some of the 
documents provided detail that was considered use- 
ful as explanatory material in the framework. 

Third Stage 

Feedback was sought on the framework from 
a Steering Committee comprising chairs and mem- 
bers of the 2 committees responsible for funding deci- 
sions for new technologies (MSAC and PBAC) in 
Australia, as well as representatives of the funder 
(government). 

The structure of the framework was considered by 
the Steering Committee to be consistent with the 
information needed to make reimbursement deci- 
sions. Committee members chose not to prioritize 
any of the 72 items, as all were considered important. 
The following amendments were suggested by com- 
mittee members and incorporated into the frame- 
work: a more precise definition of the biomarker; 
explanatory detail regarding the proposed test, 
including a new checklist item on the proposed 
Medicare descriptor for the test; a new item on the 
need for testing for new somatic mutations following 
treatment; a new item on the method and timing of 
specimen retrieval; a new item concerning the ana- 
lytic validity of the test; reordering items and in 
some cases collapsing items that contained similar 
concepts or splitting items that contained multiple 
concepts; and modifying wording of items or explan- 
ations to make it clearer regarding the scope or pur- 
pose of some of the items. 



Fourth Stage 

On the basis of feedback from the Steering Committee, 
a finalized assessment framework containing a checklist 
of 79 items and explanatory material was developed and 
released for public consultation between 16 September 
and 17 December 2010 (http://www.health.gov.au/inter 
net/hta/publishing.nsf/Content/ whats-new). 

Twelve submissions were received through public 
consultation. Suggestions were made to extend the 
scope of the framework in the future and to clarify 
the government administrative processes for code- 
pendent technology applications. The key concern 
specific to the framework was whether the requested 
evidence could be feasibly provided, particularly for 
codependent technologies targeting rare diseases. In 
response to this feedback, examples were included 
in the framework (see Additional File 2) to make it 
more explicit that the linkage of different types of rel- 
evant evidence was encouraged when there were 
deficiencies in an experimental evidence base. Simi- 
larly, guidelines are being produced that will further 
explain each of the concepts in the framework, and 
a government process for case managing codepen- 
dent technology applications has been developed 
(summarized at http://www.health.gov.au/internet/ 
hta/publishing.nsf/Content/ co-1) . 

RESULTS 

Decision-Making Scenarios 

In Australia, both clinical and cost-effectiveness 
(i.e., value for money) are considered as part of reim- 
bursement decision making. Regardless of whether 
decision making occurs on the basis of clinical effec- 
tiveness or cost-effectiveness, 4 distinct scenarios 
can arise when assessing a codependent technology: 

1. The drug is (cost-)effective in an untested population 
but (cost-)ineffective when conditioned on bio- 
marker status as identified by the test. This might 
occur if the biomarker does not explain the variation 
in treatment effect, other prognostic factors are more 
important in terms of the drug's effect than the iden- 
tified biomarker, or if the test for the biomarker is not 
accurate. In this scenario, the drug is reimbursed but 
not the test. 

2. The drug is (cost-)effective in an untested population 
but more (cost-)effective when conditioned on the 
biomarker identified by the test. In this scenario, 
the drug is reimbursed but the decision to reimburse 
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Table 2 Reimbursement Situations Requiring Different Applications of the Assessment Framework 
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Currently reimbursed ± 






new reimbursement 
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a. The Food and Drug Administration FDA categorizes biomarkers according to "probable" and "valid. "'^ 



the test will depend on the level of uncertainty sur- 
rounding the relationship between biomarker and 
the treatment effect of the drug; 

3. The drug is not (cost-)effective in an untested popula- 
tion but is (cost-)effective when conditioned on bio- 
marker status as identified by the test. In this 
scenario, reimbursement of both test and drug will 
depend on the level of uncertainty surrounding the 
relationship between the biomarker and the treat- 
ment effect of the drug. 

4. The drug is not (cost-)effective in either an untested 
or tested population. In this scenario, neither the 
drug nor the test is subsidized. 

Possible Applications of the Assessment 
Framework 

The framework was developed to assess a new per- 
sonalized medicine in the first instance (prototype 
situation). However, it was recognized that reim- 
bursement of a drug and its companion test may not 
occur contiguously, nor would the test and drug be 
necessarily submitted for funding by the same appli- 
cant, in which case the framework needed to be suffi- 
ciently flexible to address different reimbursement 
situations (Table 2). These situations are described 
in more detail below. 

Prototype Situation 

The framework for assessing personalized medi- 
cines consists of 5 domains and a checklist of 79 items 
(see Additional File 1). Section A provides the ratio- 
nale for the codependent relationship between bio- 
marker test and drug, section B provides the 
supporting evidence of clinical benefit (in a manner 
that allows the linkage of different types of evidence 



when direct evidence is not available, see also Addi- 
tional File 2), section C outlines how the evidence of 
clinical benefit can be translated to the local setting, 
section D provides the economic model incorporat- 
ing clinical and cost data for the biomarker test and 
drug and for the drug without use of the test, and sec- 
tion E describes the financial or budgetary impact of 
funding both test and drug. 

Extensions of the Framework 

In addition to the situation in which a new test and 
drug are being submitted for coverage or reimburse- 
ment in the context of an as yet unproven biomarker, 
4 other situations were identified. 

Situation I. When a new drug is submitted for 
reimbursement for targeting a previously established 
(valid)^*'^^ biomarker using a test that is currently 
reimbursed, the aim is to discriminate the superior 
(or noninferior) treatment effect of the drug alone. 
It would be inefficient to address all of the 79 items 
for this new drug, so only items that address specific 
areas of uncertainty would require assessment. This 
would mean that some basic information regarding 
the previous codependent technology assessment 
would need to be in the public domain. 

Situation II. When a drug and companion test for an 
established biomarker have been accepted as cost-effec- 
tive, evaluation of a new test, for the same biomarker, 
would require an assessment only of the comparative 
accuracy of the new and old test. If the spectrum of dis- 
ease identified by the new test in the patient population 
does not change, supporting evidence of treatment 
effectiveness would not be required. 

Situation III. When the biomarker has been previ- 
ously assessed but both the proposed test and the 
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Figure 1 Double-randomized controlled trial. 

proposed drug are new, it is likely that the majority 
of the checklist items would need to be assessed, 
although the biomarker's prognostic or predictive 
impact may not need review. 

Situation IV. When a new biomarker (or group of 
biomarkers) is identified as part of a new applica- 
tion, the aim is to gauge whether this new bio- 
marker(s), when targeted by the drug, results in 
further improved patient health outcomes. This sce- 
nario could encompass the possibility of a new or 
currently listed drug, as well as a new or currently 
listed test (a complex scenario). Thus, all of the 
checklist items would need to be assessed. 



DISCUSSION 

Key Considerations when Developing the 
Framework 

Examination of the clinical effectiveness of a code- 
pendent technology requires an innovative approach 
to assessment. Data are needed to support the claim of 
a relationship between biomarker status and the treat- 
ment effect of the drug, primarily because this 
directly informs the decision to reimburse the test, 
the drug, both, or neither. The biological plausibility 
of the relationship is essential. Specifically, the 
causal pathway could suggest that the test is identify- 
ing a biomarker that is an independent prognostic fac- 
tor (prognostic test), treatment effect modifier 
(predictive test), or both (see example in Additional 
File 3) or the relationship is unknown. 

A prognostic factor is a risk factor that affects the 
likely progress of patients regardless of the particular 
treatment they are given. If, for example, a bio- 
marker in a tumor sample acts as an independent 
prognostic factor for an early death from metastatic 
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Figure 2 Single-randomized controlled trial (targeted treatment)- 
Note: This design cannot explain test (biomarker)-drug relationship. 
Additional evidence would need to be provided to show whether the 
biomarker is a treatment-effect modifier or a prognostic factor. 



colorectal cancer, then regardless of the treatment 
given (i.e., the new drug A or the old drug B), these 
patients will have a worse prognosis than those with- 
out the biomarker. In a reimbursement/policy frame- 
work, this indicates that the 2 health technologies 
(prognostic and therapeutic) have a low level of code- 
pendency. By identifying those patients with a better 
(or worse) prognosis, irrespective of treatment, the 
test may be used to provide more cost-effective target- 
ing of the new drug, but all possible comparator treat- 
ments would need to be considered in making 
a reimbursement decision as they are also likely to 
be more cost-effective in the identified subgroup. 
These health technologies may include established 
treatments that, following a reimbursement decision, 
are retrospectively targeted to certain patient groups 
in which there will be an optimal effect in terms of 
toxicity, uptake, effectiveness, and cost-effective- 
ness. Prognostic impact can be distinguished using 
the study designs described in Figure 1, Figure 3, 
and to a lesser extent Figure 4, in Additional File 1. 

When treatment effect varies according to bio- 
marker status, the drug and test are considered highly 
codependent. Drug A may have been developed spe- 
cifically to target a biomarker to produce a clinical 
benefit to the patient (e.g., survival, quality of life, 
reduced complications). (In some cases, the develop- 
ment of the test and the treatment is a joint enter- 
prise.) If this successfully predicts a favorable 
treatment effect, then among patients with the bio- 
marker, those receiving drug A in addition to drug B 
would have better health outcomes than patients 
receiving drug B alone, whereas patients without 
the biomarker will receive the same clinical benefit 
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Figure 3 Biomarker-stratified design. 

Note: At drug randomization (assuming a reasonable sample size], all 
variables other than biomarker status should be fairly evenly distrib- 
uted in drug A and drug B groups. This explains the likely test (bio- 
markerl-drug relationship but not the incremental benefit of the 
test, that is there may be uncertainty as to whether the biomarker 
+ ve/-ve is responsible for the differential treatment effect or some 
other unmeasured variable. 

regardless of whether drug A is used in addition to 
drug B. If drug A replaces drug B, then patients with- 
out the biomarker would be effectively untreated. 

An adequately powered randomized trial that 
prospectively assesses comparative treatment effect 
on patient-relevant health outcomes according to 
subgroups delineated by the biomarker would be 
ideal to determine whether an effect modification 
is occurring. As prediction of treatment effect varia- 
tion suggests that there is a unique relationship 
between the biomarker and drug, reimbursement of 
both technologies would be considered, particularly 
if this predicts a qualitative difference (i.e., better 
rather than worse or noninferior) rather than a quan- 
titative difference (i.e., the extent of effect is 
improved). Treatment effect modification can be 
distinguished using the study designs described in 
Figure 1, Figure 3, and to a lesser extent Figure 4, 
in Additional File 1. 

A comparison with a "no testing" arm similarly 
allows the incremental benefit of the biomarker test 
to be determined, that is, receiving drug A when bio- 
marker positive and drug B when biomarker negative 
versus drug A being administered to everyone (see 
Figure 1 and Figure 2, Additional File 1). This may 
assist when there is uncertainty as to whether the bio- 
marker explains the differential treatment effect 
between drug A and drug B or whether some other 
unmeasured variable is responsible. 

It is helpful to envision the ideal randomized con- 
trolled trial evidence that would be needed to answer 
the decision makers' question as to whether the 



Randomise to 
drug 



Drug A ^^^^^^^^H 



Post-treatment test or test archival tissue 



-ve +ve 



Figure 4 Biomarker-stratified design via subgroup analysis. 

biomarker test and/or drug should be subsidised.^® In 
this case, a double-randomized controlled trial (Figure 
1, Additional File 1) may be considered ideal evidence 
as it addresses each of the biomarker-drug relationship 
issues described previously. However, the practicalities 
are such that trials of this design are rarely, if ever, going 
to be conducted. As the aim of biomarker targeting is to 
maximize the therapeutic effect of a drug, and it is more 
efficient (both financially and logistically, i.e., in terms of 
sample size requirements) to measure this effect in abio- 
marker-emiched population (particularly when the bio- 
marker is uncommon), it is rmlikely that double- 
randomized controlled trials would be conducted. Sim- 
ilarly, if the new drug therapy is meant to replace an 
existing therapy in patients who are biomarker positive 
rather than to be used in combination with an existing 
therapy, then it could be considered unethical to con- 
duct a trial where there is a chance that biomarker-nega- 
tive patients would be receiving a new drug that has no 
effect on them, apart from perhaps an increased risk of 
adverse events, and be forgoing a known effective 
treatment. 

Given these practical limitations with double ran- 
domized controlled trials, it was considered reasonable 
to take a pragmatic approach and allow an applicant for 
a codependent technology to build a chain of argument 
through the linkage of different types of evidence 
("linked evidence approach"; see Additional File 2 
and Option 2, Section B, in Additional File 1). The 
key is to present this linkage so that decision makers 
can see that obvious uncertainties have been addressed, 
that data are defensibly transferrable across different 
parts of the linkage, and that available evidence for 
the linkage has been gathered systematically and trans- 
parently and has been executed in an internally valid 
manner (i.e. , the data are not selectively used or affected 
by bias and confounding). 

Other factors need to be considered when assessing 
a personalized medicine, including whether the test or 
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drug is additional to the current tests or treatment 
being received or replaces them; if, when using 
a linked evidence approach, there is a reference stan- 
dard for the biomarker test or whether the test itself 
is proposed as the reference standard^^'^^; whether 
testing can be conducted on biopsied tumor samples 
taken at diagnosis or after first-line treatment; or 
whether the method of sample preservation, storage, 
or previous treatment or instability of the biomarker 
state over time will affect the accuracy of the test 
results. Some biomarkers are identified only through 
the use of multiple tests, and the positive and negative 
predictive value of these tests will vary according to 
the prevalence of a biomarker state in the population 
being tested. Each of these factors has been identified 
as requiring an answer in the assessment framework. 

International Context 

The implications of poor primary research and/or 
poor assessment frameworks to address personalized 
medicines include 1) fragmented or poor decision 
making as a consequence of considering the drug 
and biomarker test independently, rather than as an 
integrated package (see Table 1); 2) poor guidance to 
trialists and industry regarding appropriate trial 
design and thus wasted resources in producing and 
presenting suboptimal evidence to funding agencies; 
and 3) poor health outcomes for patients as a conse- 
quence of receiving ineffective or potentially harmful 
treatment if a personalized medicine has not been 
assessed rigorously and yet is reimbursed. 

Most countries that ascribe to the evidence-based 
assessment of technologies to make resource and pol- 
icy decisions have guidance available on evaluating 
single interventions, such as drugs. Guidance on 
the assessment of tests has been produced only 
recently (2008-2011) in the United States,^""^^ Eng- 
land,'^'^ and Europe.^* Australia developed its own 
guidance for the assessment of diagnostic tests for 
reimbursement purposes in 2005,^^'^^ proposing 
a linked evidence approach when assessing tests, 
which has subsequently been recommended in each 
of the international guidance documents mentioned 
above. Although there have been recent developments 
in regulatory policy in the United States to allow joint 
approval of a codependent test and drug,'^^ to our 
knowledge, no authority to date has developed a sys- 
tem to evaluate a package of codependent test and 
drug technologies for reimbursement purposes. As 
can be seen from the framework that has been devel- 
oped, there are many domains where both the bio- 
marker test and drug need to be considered together 



when evaluating their clinical benefit and cost- 
effectiveness. 

Strengths and Limitations of the Framework 

The assessment framework that has been devel- 
oped is novel as it tackles the concept of personalized 
medicine within a coverage or reimbursement con- 
text. A formal assessment framework provides clarity 
for industry, with regard to policy makers' expecta- 
tions, and can drive research aimed at addressing 
these expectations. It also facilitates consistency in 
decision making and helps to identify areas of uncer- 
tainty for a reimbursement decision. The framework 
recognizes that often the "ideal" clinical evidence 
to address decision makers' questions is not avail- 
able. This is both a strength and limitation of the 
framework. It is a strength in that this pragmatic 
approach allows potentially beneficial medicines to 
be subsidized, despite deficiencies in the supporting 
evidence. '^^ However, linking evidence from different 
studies conducted in different populations can never 
provide evidence about the impact of a new bio- 
marker test and new drug on patient outcomes with 
the same strength and quality as a double-randomized 
controlled trial. A trial would capture the entire causal 
pathway, including the unexpected and unknown 
effects. The linkage of individual pieces of evidence 
to estimate the effect of a trial must therefore be 
applied and interpreted with caution. Identifiable 
uncertainties or assumptions concerning linkages in 
the pathway can be explored using decision analytic 
modeling, but modeling itself may be prone to over- 
simplification and potential bias. 

An area of economic uncertainty for decision makers 
is how to allocate value to the components in a codepen- 
dent technology package.''^ Australia assesses value 
across a number of technologies, including diagnostics, 
but in current practice, the Australian system is quite 
passive. Suppliers of the technologies are allowed to 
set a price for each component reflective of the suppli- 
er's notion of value, and then decision makers judge 
whether the value of the package as a whole is accept- 
able in terms of incremental cost-effectiveness. This 
might be problematic when the supplier differs for 
each of the technologies in a package or for health sys- 
tems that actively allocate value but are inflexible in 
revising this value when 2 technologies become linked. 

Another potential limitation of the assessment frame- 
work is that it has yet to be evaluated over the long-term 
or empirically assessed as to its utility. Applications for 
personalized medicines have been accepted in Australia 
using the framework since late 2010 via a newly created 
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Health Technology Assessment Access Point (HTAAP). 
This process case manages a personalized medicine to 
ensure that each codependent technology is appraised 
by the relevant decision-making committee and that 
coordinated advice is provided for a reimbursement 
decision. Applicants to the HTAAP are encouraged to 
use the framework (described as the Draft Information 
Requests for Assessing Co-dependent Technologies on 
the HTAAP site, http://www.health.gov.au/internet/ 
hta/publishing.nsf/Content/co-1, and in the HTAAP 
information pack for applicants) as it is the backbone 
upon which more detailed guidelines are being pro- 
duced on codependent technology evaluation. It is also 
conceptually consistent with the current Australian 
guidelines for evaluating diagnostic tests and drugs. ^'^'^^ 
Australia is a small market in global terms so, cur- 
rently, 4 applications have been evaluated since the 
codependent technology framework was drafted, with 
another 4 commencing the submission process. The 
rate of applicants seeking reimbmsement of these tech- 
nologies has increased rapidly, although it is unclear 
whether this is because there is now a recognized 
method outlining the type of evidence that policy mak- 
ers expect to see or because there have been more per- 
sonalized medicines getting regulatory approval. 
Either way, reports suggest that the framework has 
assisted in providing valuable guidance to the decision 
maker, facilitating efficient processing of a reimburse- 
ment decision for both biomarker test and drug. 
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